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Abstract--The main aim of the Food and Agriculture Program is to explore alternative 
solutions to the world's food problem. Towards this end a system of linked models will 
be used for policy analysis over a medium time horizon. The Basic Linked System of 
the FAP consists of national models which describe in detail the food and agriculture 
system of the corresponding country and contain a rather aggregate mapping of the 
respective nonagricultural sector. The interdependencies of the two sectors are 
modelled as well. In this paper, the methodological nd computational requirements a 
model should fulfill in order to become linkable with the FAP's model system are 
discussed and an overview of the structure of the national models of those countries 
which were built at IIASA by members of the FAP is given. A national model consists 
of three components: one for supply, one for demand and a third describing the 
process of policy decision-making. The policy module provides a mapping from the 
objectives the policymakers pursue while deciding on policies into the space of policy 
instruments. Endogenizing the process of setting the level of the policy instruments 
rather than specifying them exogeneously over the whole time span the model runs 
introduces more realism into the model, because governments react to changes 
occurring outside and/or inside of their country. The supply module consists of two 
subcomponents--one for agriculture and one for nonagriculture. The complexity of 
the decision-making process in agriculture is reduced to a two-stage process. In the 
first stage, farmers decide on the level of inputs they want to use for production. At 
the subsequent stage, these inputs are allocated to the various production activities 
and hence the amount of each commodity produced is decided on. The allocation 
process is modelled by using a nonlinear optimization program with statistically 
estimated parameters. Nonagricultural production is described in terms of a Cobb- 
Douglas function. For modelling demand an extended linear expenditure system is 
used. For developing countries the total population is divided into two income classes, 
whereas for developed countries the population is assumed to be homogeneous from 
the point of view of demand. The models are linked by applying the theory of general 
equilibrium. The markets are cleared simultaneously at the national and international 
level. It is assumed that supply cannot adjust during the exchange process and that the 
policy instruments are predetermined aswell. 
1. INTRODUCTION 
The Food and Agriculture Organization of the United Nations (FAO) has estimated that 
16% of the population of the developing countries excluding China, or 462 million 
people, were undernourished in 1970 [1]. Its forecast for the year 2000 is similarly 
pessimistic. Depending on prevailing economic growth rates, the FAO estimates that 
between 7% and 11% of the population of these countries will go hungry at the turn of 
the century [2]. 
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As these figures show, hunger is a severe problem which cannot easily be eradicated. 
No completely satisfactory solution to this complex problem has yet been found; indeed, 
all its causes are not known. Although malnutrition is a national or local problem, 
solutions to it must also be looked for at the regional and global evel. This will become 
even more important in the future, since the interdependence b tween national 
economies i growing. 
Exploring alternative solutions to the food problem is the aim of the Food and 
Agriculture Program (FAP). To be more specific, the objectives of the FAP are to 
evaluate the nature and dimensions of the world food situation, to identify its underlying 
factors, and to investigate alternative courses of policy action at the national, regional 
and global level that may alleviate existing and emerging food problems in the years 
ahead. 
The global system of food and agriculture can be viewed as a set of national 
agricultural systems which are embedded in national economies and interact with each 
other. In searching for effective policies for global food security one has to take into 
accot.nt the fact that individual nations affected by these policies might react to them in 
pursuance of their own objectives. Given the goals of FAP it is therefore necessary to 
work with a model system for policy simulation in which the main policy decision- 
making bodies are identifiable (these are usually the national governments a) in order to 
endogenize the process of determining the level of the (main) policy instruments. 
Several attempts have been made to model world agriculture. To our knowledge these 
are the FAO World Price Equilibrium Model [3], the model of the Japanese Ministry of 
Agriculture and Forestry [4], the Model of International Relations in Agriculture 
(MOIRA) [5], the University of Illinois Model [6], more recently, the Lundborg Model 
[7], the Grain-Oilseeds-Livestock Model of the U.S. Department of Agriculture [8] and 
the World Integrated Model (WIM) [9]. With the exception of MOIRA, in all these 
models the world is divided into a few regions, so that national governments can no 
longer be identified. In MOIRA, all agricultural products are aggregated to one com- 
modity by means of protein content. This lack of detail in the existing models made them 
less suitable for our purposes and, therefore, we built our own system. 
It would hardly be feasible to attempt to model all the countries in the world with the 
manpower and resources available at IIASA. Thus, countries and country groups were 
selected for inclusion in the simulation system on the basis of population, agricultural 
land, agricultural production, and exports and imports of agricultural products. The 
countries and country groups chosen account for 80% of the world total in the categories 
listed above. They are Argentina, Australia, Austria, Bangladesh, Brazil, Canada, China, 
the European member countries of the Council for Mutual Economic Assistance 
(CMEA), the member countries of the European Communities (EC), Egypt, Finland, India, 
Indonesia, Japan, Kenya, Mexico, New Zealand, Nigeria, Pakistan, Sweden, Thailand, and 
the USA. It was ensured that economies of varying stages of development are represented 
and that all regions of the world are included in the system. 
The linked system, therefore, consists of national or regional models, hereafter 
referred to as national models. These models interact hrough trade, capital flow, aid, 
and agreements. In this way it is ensured that global and local changes are inseparable 
and that they mutually influence ach other in the system. 
As it is beyond the means of the FAP to build a national model for each of these 
countries and regions, a network of collaborating institutions has been set up which can 
use all their expertise for developing these models. However, while this work is still 
aFor the European Communities (EC) it is the Council of Ministers. 
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continuing, a model has been developed by the FAP for almost all of the countries 
mentioned above. This set of national models, plus those models already finished by the 
collaborating institutions, is called the Basic Linked System. This intense research was 
necessary for two reasons. First, a background system had to be provided for any of the 
national models which were completed before the majority of the other models. Thus a 
modelling team can test its model in a linked mode, that is, the model can be run in 
interaction with the other national models. Second, the system provides the opportunity 
to investigate selected issues in the field of international food policy even before all of 
the more elaborate models are completed by the collaborating institutions. 
This paper describes the structure of those national models of the Basic Linked 
System which have been built by members of the FAP. b'~ Models of the Basic Linked 
System which were built by collaborating institutes are for the following countries (or 
country groups): the European Communities [ 11], the European member countries of the 
CMEA [12] d, Finland [13], India [14 and 15], Thailand [16], and the USA [17]. 
Before we continue to discuss the Basic Linked System, we will briefly mention the 
methodological nd computational requirements a national model should fulfill in order 
to become linkable with the FAP's model system. 
2. MODEL REQUIREMENTS 
Each country model should be built so as to depict perceived realities. In other words, 
a descriptive model should be set up, indicating the responses of the actors in the system 
to changes in the economic environment brought about by policy measures and other 
factors (e.g., weather shocks). This requires empirically based information about the 
effects of various policies. 
The model system will not be used merely for forecasting purposes. It should be 
designed so as to allow a comparative dynamic analysis of policy alternatives over a 
medium time horizon (15 to 20 years). Hence, the modelling of the short-term cycles in 
supply does not receive highest priority. 
Since the model system will be used to analyze the impact of policy alternatives on 
food production and consumption, each model should consist of three components: one 
for supply, one for demand and a third in which the process of policy decision-making is 
described. 
The models must have an extrapolative robustness, since one might want to test some 
policy alternatives which lie outside the historically observed ranges but for which one 
still hopes to obtain realistic results. 
It is assumed that supply is given at the time the exchange of commodities takes place; 
i.e., current demand in all countries must be equal to supply determined in all countries 
in the previous year, leading to a recursively dynamic system. Although for a few 
commodities this might not always reflect reality, this assumption is valid for many 
agricultural products, since their production period is one year. In the nonagricultural 
sector, the production periods may deviate even more from these annual sequences. 
However,  this assumption has the advantage of reducing the computational burden and 
bThe data used for building these country models were obtained from various sources, all of which are 
publicly accessible. The main sources are the Supply Utilization Accounts, Production and Trade Yearbooks, 
and several issues of Fertilizer Review, all of them issued by FAO. In addition, the World Tables of the World 
Bank, the UN National Account Statistics, and national statistical yearbooks were used. 
CThe Chinese model [10], which also was built at the FAP but whose structure differs from that of all other 
FAP models, is not included in the discussion. 
dAn aggregate model for these member countries has been built. 
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of allowing great flexibility in the method chosen to model the supply side. Indeed, the 
supply modules which have emerged so far cover a wide spectrum of possible techniques. 
For example, linear programming models, nonlinear programming models with statistic- 
ally estimated parameters, and conventional, econometrically based supply functions are 
used. e
The linked system is to be used for policy analysis over a medium time horizon. Over 
such a length of time the input structure is likely to change with altered economic 
conditions. Hence, emphasis hould be placed on modelling the input--output relation- 
ships in production. 
The models are linked by applying the theory of general equilibrium, f The country 
models must therefore cover the whole economy. In other words, both the agricultural 
sector and the nonagricultural sector have to be modelled. The policy alternatives to be 
investigated with the model system affect not only agriculture but also the nonagricul- 
tural sector either directly or indirectly through changes occurring in agriculture. 
Changes in the nonagricultural sector, in turn, have an effect on agriculture. It is 
therefore necessary to include the nonagricultural sector in the model in such detail as to 
realistically reflect hese interdependencies. 
The linkage approach allows the consideration of different income classes. Wherever a
significant variation in the preference system of the various income classes is apparent, 
the population should be classified appropriately to account for these differences. 
From the computational point of view it is necessary that all country models adhere to 
the same commodity classification for the purpose of international trade. It is further 
assumed that all countries trade at the same time and only once a year, and that trading 
is achieved instantaneously. 
The conditions placed on the demand system of a national model are as follows: 
Demand must be homogeneous of degree zero and continuous in both prices and 
income, and a monotonically increasing function of income. There is nonsatiation, i.e., 
when the price of any commodity drops to zero, weighted total demand exceeds a 
specified satiation level. One item of demand is considered to be free disposal. This is 
used as a slack variable if supply exceeds all types of disappearance. But it is assumed 
that there are no costs for disposing of any quantity of any commodity. The linkage 
approach requires that the supply system be homogeneous of degree zero in prices. 
3. OPERATION OF THE MODEL SYSTEM 
Figure 1 describes in a very simplistic way how the model system operates within a 
year and over time and depicts the interactions between two countries. The information 
flow between the modules is indicated by arrows. 
To begin with, let us assume that for both countries upply has been predetermined 
based on the events of the previous year, as has the trade deficit. Each government 
decides on the level of those domestic policy instruments with which it can pursue its 
goals regarding the outcome of the exchange process. 
With the policies and supply given, the exchange process takes place. Equilibria are 
calculated simultaneously at the national and international level, s At the national evel, 
the exchange process solves the demand module describing the preference systems of 
eSee Parikh and Rabar [18] for an overview of the methods used by the various national modelling teams for 
modelling supply of agricultural commodities. 
tA detailed escription fthe linkage approach can be found in Keyzer [19]. 
STwo different algorithms are used to obtain equilibrium, a complementarity pivoting algorithm at the 
national and a nonsmooth optimization algorithm at the international level (see Keyzer [19]). 
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Fig. 1. 
the consumers given government policies. Both the preference systems and some 
government policies (e.g., taxation) can be differentiated according to various income 
classes. The value of consumption of each consumer is limited by his disposable income. 
A quantity constraint must hold within the country for each commodity, ensuring that 
supply plus net import equals total disappearance. Moreover, there is a financial 
constraint at the national evel equating the value of net trade to the (predetermined) 
trade deficit, bConsumption levels, quantities of net trade, national prices and income are 
the main results of the national exchange process. 
At the international level the exchange process finds this vector of world market 
prices which ensures that for each commodity the values of net trade of all countries 
sum up to zero. 
The information on national prices and income, together with policies implemented by 
the government to influence the structure of input factors, are further used in the supply 
module. In this module, net output is determined and in turn used as supply for the next 
year's exchange process after the carryover in stocks has been added. 
4. DESCRIPTION OF THE SUBCOMPONENTS OF A NATIONAL MODEL 
4.1. Policy module 
Many important ypes of policies can be evaluated by the linked system and may be 
grouped into three categories. The first group consists of all those policies which have 
hA negative trade deficit is used for trade surplus. 
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the purpose of influencing the production schedule. Typical examples of these policies 
are support prices or the alteration of the input structure, either through modifying input 
prices or distributing inputs directly. Important in this context is that these policies can 
be introduced independently of the type of linkage methodology being used. 
A second policy group comprises all those national policies which may have an effect 
on the exchange process and hence depend on the linkage mechanism. The linkage 
approach used handles the following ones: 
• direct and indirect axes on and subsidies for domestic demand according to income 
group, 
• tariffs on and/or subsidies for imports and exports, 
• quotas on imports and exports, 
• buffer stock schemes, 
• net public demand for food. 
International policies depend also on the linkage mechanism and are grouped in the third 
category. These are 
• trade agreements, 
• compensatory financing, 
• buffer stock agreements, 
• agreements on market segmentation. 
At present, a detailed version of the policy module is still being worked on. In its final 
stage, this module will provide a mapping from the space of objectives of the policy 
decision-making bodies into the space of policy instruments. Some of the instruments 
used in the exchange part will be set at target levels, e.g., prices, stocks, trade deficit, trade 
quotas. The reason for this is that if all instruments were to hold as specified, an 
equilibrium might not exist. Some instruments, therefore, must be allowed to adjust. The 
order in which policy instruments adjust, i.e., deviate from their target values, is kept 
flexible in the linkage algorithm, i For those instruments which are set at target levels 
upper and lower bounds can also be introduced within which the adjustment process has 
to take place. 
4.2. Supply module i 
The supply module consists of two components--one for agricultural and one for 
nonagricultural production. Due to lack of manpower we made the assumption that each 
of the two sectors can be depicted by similar mathematical structures for all countries. 
Agricultural production. The level of annual production in agriculture is typically 
determined in a sequence of decisions arrived at by a large number of decision makers. 
Since we cannot model this process in its full complexity, we reduce the decision-making 
levels to two and limit the number of decision-making units to one--possibly with the 
risk of some error in aggregating both over time (one year) and space. At the first 
decision level the quantity of the major inputs to be used in the production activities is 
decided upon. At the subsequent level these inputs are allocated to the various produc- 
tion activities, and hence the amount of each commodity produced is decided on. 
~A discussion ofthis point is given by Keyzer [19]. 
iA more detailed description may be found in Fisher and Frohberg [20]. 
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Assuming that there is only one decision-making unit leads to the aggregation of all 
production units to a "representative farm." 
At the time the farmer makes his production decision, he does not have information 
on the selling prices of his goods. We postulate that he expects previous year's prices to 
hold in the current year as well. k Expected prices are therefore treated as predetermined 
variables. At the first decision level input quantities are determined for land, fertilizer, 
capital, labor and feed concentrates. Other inputs are excluded, for we assumed that 
their allocation effect was negligible. 
An attempt was made to estimate land input into agriculture (measured as total area of 
crops harvested) with several economic variables as determining factors. However, the 
t-values showed no significance. The only variable used was therefore timel; i.e., m 
A~ = f(t),  
where At a = total area of crops harvested; t = time (year minus 1960). 
Labor input into agriculture is measured by the number of people employed in this 
sector. A more precise measure for agricultural manpower could not be used due to lack 
of data. Hence, such important characteristics as skills and total working hours over a 
year and during peak seasons could not be taken into consideration. As labor input 
functions we estimated the following relationshipn: 
[Z~_l, ~ at2 
where Zt A 
/ GDPtA~ 
= income per agricultural laborer in year t { 
\ 
GDP~a~ 
Z~ A = income per nonagricultural laborer in year t (= 
\ 
Lt a = agricultural labor force in year t (persons), 
L~ = total labor force in year t (persons), 
Lff 3 = nonagricultural labor force in year t (persons), 
GDPt a = gross domestic product of agriculture in year t (at current prices), 
GDPt ~3 = gross domestic product of nonagriculture in year t (at current prices). 
The ratio of current to previous year's agricultural labor force is explained by the per 
capita income parity between agriculture and nonagriculture, where we approximate 
income by gross domestic product. 
As with the labor force, we had to assume that capital is a homogeneous input factor, 
\The rather short time period covered by our data series did not allow us to elaborate on different price 
expectation models. 
'Here as for all the following variables the functional form listed characterizes only the relationships of
economical nd/or technical processes, but leaves out the random effects which enter the determination f 
these processes as well. We assume these random effects are additive, identically and mutually independently 
distributed, and follow a normal distribution with zero mean and finite variance-covariance matrix. Here and 
henceforth e parameters written in Greek letters are estimated from time series generally covering the period 
1961 to 1976. 
mMoreover, the functional relationships u ed for all countries are too numerous to be reported here. 
"The functions vary slightly from country to country. Since we cannot report all of them, we quote the one 
most often used. This also holds for all the other variables for which we estimated a relationship and the 
functional relationship is indicated. 
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since lack of data did not allow us to differentiate between various capital goods. Capital 
stock is determined in the model in two stages. Gross investment is first decided upon 
and is then converted into capital stock by using 
K~ = K,A_, • (1 - d~) + I~, 
where K~ = capital stock of agriculture in year t (at prices of 1970), 
d~ = depreciation rate for agricultural capital stock in year t, 
It a = gross investment in agriculture in year t (at prices of 1970). 
Agricultural gross investment is described as a share of total gross investment using the 
following functional relationship: 
I ,  a [ptA_,~,2 / GDP~- "c° ~, ,  
IT, = ~'' * ~p,---~-~] * \GDP~'c° /  
where I T = gross investment of the whole economy in year t (at prices of 1970), 
GDP~ 'c° = gross domestic product of agriculture in year t (at prices of 1970), 
GDP~ A'c°= gross domestic product of nonagriculture in year t (at prices of 1970), 
p ~ = price index of agricultural commodities in year t, 
p ~A = price index of the nonagricultural commodity in year t, 
and all other variables as defined above. Agricultural gross investment share is deter- 
mined by the ratio of agricultural to nonagricultural price indices and by the ratio of 
output of the two sectors. Both explanatory variables are lagged by one year. Investment 
in agriculture increases relatively to that in nonagriculture if the terms of trade between 
the two sectors change favorably for agriculture, as is shown by the positive parameter 
of the price indices. The ratio of output of the two sectors in the previous year is taken 
as a proxy of the ratio of planned output in the two sectors. According to this 
specification, agricultural gross investment is higher relative to that of nonagriculture the 
larger the ratio is. 
Total gross investment is estimated as a function of total gross domestic product at 
current prices, trade deficit, and the change in gross domestic product between last year 
and the year before; i.e., ° 
I~ = f (GDPH,  BAL,_~, DGDP,_0 
where GDPt = total gross domestic product in year t (at current prices), 
BALt= trade deficit in year t (at current prices), 
DGDPt = GDPt - GDPt-I. 
For fertilizer inputs we assumed that nitrogen, potash, and phosphorus are applied in 
fixed proportions; hence it suffices to consider nitrogen as a variable. However,  the unit 
value of nitrogen consists not only of the nitrogen price but also of the value of potash 
and of phosphorus applied together with a unit of nitrogen. The function estimated for 
determining the fertilizer input level is as follows: 
TFf = aFI * (P ~t) -*F2 * CROP~'-rL 
where TFt = total fertilizer (nitrogen) bought by agriculture in year t (in m0, 
P ~t = unit value of fertilizer (nitrogen) in year t relative to that of the 
nonagricultural price, 
CROPt = volume of crop production in year t at prices of 1970. 
°Again, the functional relationships u ed are too numerous to be reported here. 
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Fertilizer input is a function of the unit cost of fertilizer and previous year's crop 
production. The latter is considered to be a proxy for planned crop production in the 
current year. 
When calculating the input of feed concentrates we assume that their supply is 
completely elastic. With this assumption it is possible to determine feed mix per animal 
unit independently of the level of animal husbandry. 
The functional form employed to determine the feed requirement coefficients is 
derived from a feed cost minimization model which can be written for any animal type i 
and year t in the following way: 
min(Wi , )  = ~, rk * FDik, 
FDIkl 
s.t. (A,,)  = pf(t) * 1-! FD,~'I 
1 
~.a ~.ik ~ 1.  
This results in the following equation for feed requirement coefficients: 
Olik t = - -  * - -  * 
rkt pi(t) • \ei i /  
where i = commodity index, i E animals, 
j, k = index of feed concentrates, 
a~kt = requirement of feed concentrate k per unit of animal i in year t, 
rk, = price of feed concentrate k in year t, 
Aft = number of animals of type i in year t, 
FDfk, = total consumption of feed concentrate k by animal type i in year t, 
Wit = total feed cost of animal type i in year t, 
t = time variable. 
The coefficient Of is time-dependent. This is a proxy for measuring the change in the 
(technical) efficiency in feeding. 
For the second decision-making level - - the allocation of the inputs - -a  nonlinear 
programming model with a nonlinear criterion function and linear inequality constraints 
is used. This approach seems very suitable for the task of modelling a multiple 
input-multiple output system of an industry which is characterized by joint production? 
In modelling for policy analyses over a time span of 15 to 20 years, such an approach as 
the advantage that both economical and technical relations are included in the mapping. The 
allocation model can be written for any year t as follows: 
s.t. 
max (Z,) = ~ nrf, * Y~, 
Fit, Kit, Lit 
~,j Ff, - FA  <--O 
PA multiple output technology is joint if the output of any single product depends on the levels of inputs 
and/or outputs of another product. 
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Kit - K ~ --- 0 "v 
,~a Air - At a -< 0 
and with 
Yir = Yit * Air for each i 
Yi~ = g(Fi , ,  t)  (see footnote q) for i E crops 
y, = f(t)  for i ~ animals 
Air = ~i, * K~' * L~ ~ for each i 
/3~ + 7i < 1 for each i 
where i 
t 
J 
Y. 
= commodity index, 
= time index, 
= index set of crops, 
= net production of commodity i in year t (gross production minus seed use 
and waste), 
y~, = yield per unit (acre, animal) of commodity i in year t, 
A A = acreage (harvested) in year t, 
F~ = fertilizer input in year t, 
K,  a = capital stock in agriculture in year t, 
L~ = labor force in agriculture in year t, 
A~t = acreage allocated to crop i in year t, if i E crops, 
= number of animals of type i in year t, if i E animals, 
Fit = fertilizer applied to crop i in year t, 
K~t = capital employed in production of commodity i in year t, 
Lit = labor employed in production of commodity i in year t, 
nrit = expected net revenue per unit of commodity i in year t; 
defined as expected price minus expected feed cost; 
if i ~ animals 
= expected price of commodity i in year t; 
if i ~ crops. 
We postulate that the farmer maximizes expected net revenue, which is defined here as 
the difference between expected gross revenue and expected feed cost. The farmer is 
assumed to have nonstochastic behavior; in other words, he reaches a decision which 
does not deviate from the optimal one. We also postulate that there are decreasing 
returns to scale for a single product. Technical progress in the allocation model is 
divided into mechanical and biological progress. The latter is measured by a trend 
variable which affects the intercept and/or the slope of the fertilizer response function. 
Mechanical technical progress is represented by time-varying parameters. Estimation 
results indicate that it is labor-saving. 
According to the specification of the allocation model, the capital stock employed in 
the production process of any commodity is determined in each year independently of 
qThe functional relationships are too numerous to be reported on here. 
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that amount used in previous years. This "putty-putty" approach ypothesizes that the 
technologies of existing units are interchangeable without cost with the same type of 
technologies used in newly produced units, i.e., production units must be completely 
flexible with regard to new technologies. Since the agricultural sector is characterized by 
a large number of production units, such a high flexibility is likely. 
We would like to point out that the specification of the allocation model allows for 
annual decisions without explicitly considering the dynamics involved in those produc- 
tion processes which cover periods greater than one year (e.g., beef and dairy produc- 
tion). However, implicitly these characteristics are taken care of in the parameters of the 
corresponding production function and in the lag structure of the respective price 
expectation model. 
By solving the allocation model, we obtain an optimal (with respect o the criterion 
function) use of the (predetermined) total inputs of land, fertilizer, capital, and labor, and 
simultaneously net production of each commodity. Net production plus carryover in 
stocks is treated as supply. 
There are various policy instruments which can be considered to affect agricultural 
production. Among those instruments which give economic incentives for production we 
would like to mention producer prices and subsidies for investments and fertilizer, as 
well as income transfer to influence the labor force employed in agriculture. There is 
also the possibility of affecting the level of inputs directly, e.g., through rationing of 
fertilizer. In addition, quotas on production may be set. 
Nonagricultural production. The nonagricultural sector is aggregated to one com- 
modity. This sector is represented by a Cobb-Douglas production function, i.e., 
y ~a = a., * (K ~a)o, (L~A),-o 
where y~A = nonagricultural production in year t, 
K~ A = capital stock of the nonagricultural sector in year t, 
L~ A = labor force in the nonagricultural sector in year t, 
a,t = a term which includes neutral technical progress. 
The calculation of the nonagricultural capital stock is made in the following way: 
NA = • (1  - A) + A 
with 
I~ A = I~ - I~ 
where d ~3 = depreciation rate for nonagricultural capital stock in year t, 
I~ A = investment in the nonagricultural sector in year t, 
I r = total investment in year t. 
The labor force of nonagriculture is obtained by determining the difference between 
the total labor force and that employed in agriculture. Total labor force is a function of 
total population and the participation rate, each of which varies over time. 
L, -- LS -  L, 
L r = f(POP, prr), 
where L~ A = labor force in the nonagricultural sector in year t, 
L~ = labor force in the agricultural sector in year t, 
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L, r = total labor force in year t, 
POPt = total population in year t, 
prt = participation rate in year t. 
We assume that the capital stock is always fully utilized and that there is no 
unemployment. 
4.3. Demand module 
The demand for goods is modelled in the Basic Linked System by using an extended 
linear expenditure system (ELES). We distinguish between two income classes for 
developing countries and use only one for developed countries. In the case of two 
income classes the criterion for differentiating between these classes is their occupation. 
Those people who work in agriculture and their dependents are grouped into one class 
and the rest into a second class. This procedure had to be followed since we do not have 
statistics on the population size of various income classes. 
We tried to estimate the coefficients of the extended linear expenditure system but 
obtained unrealistic results. Therefore, we followed a more pragmatic approach. In an 
extensive literature search, average xpenditure shares for each country-- and, .where 
necessary, for each income class--were collected. Together with information on 
expenditure shares at farmgate level/these xpenditure shares at the retail level were 
taken to determine the value of processing, marketing and distribution per unit of each 
commodity (hereafter called processing margin). The processing margin determines the 
amount of nonagricultural product needed to "transfer" a unit of a commodity from the 
farmgate level to the retail level. Due to lack of information this margin is kept constant 
over time in the current version? 
We also estimated expenditure lasticities for each commodity by fitting nonlinear 
Engel curves to the time-series data of the corresponding per capita expenditure. The 
functional forms chosen imply that expenditure elasticities are either constant or decline 
with increasing expenditure. These expenditure elasticities were then used to obtain the 
coefficients for marginal budget shares along with committed consumption in the 
following way. 
Given supply to enter exchange, it is assumed that agricultural production is owned by 
the agricultural income class and that nonagricultural production is owned by the 
nonagricultural income class. In a first step, we can calculate xpected income for each 
income class by using expected prices. In a second step this expected income is split into 
expenditures on agricultural goods and nonagricultural goods by means of a two-sector 
linear expenditure system with habit formation (HLES). Then, expenditures spent in 
total on agricultural goods are further subdivided into expenditures on each of the nine 
agricultural commodities using the corresponding expenditure elasticity. 
Once the demand at expected prices has been calculated for each of the traded 
commodities, this information is translated into the parameters of the ELES in the 
rExpenditure share at the farmgate of commodity i is defined as consumption of that commodity times its 
farmgate price divided by total GDP. 
'An increase in the price of the nonagricultural commodity thereby also increases the price of the agricultural 
commodity at the retail level. 
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following way: 
n 
TEXPJ = f f ,  ~: /5/ ,  YMI 
• EXPi i= l . . .n  
XM{ = [EXP! - e~ * (TEXP j - COMEXPJ)]//5~ i= l . . .n  
where a~i 
EXPi 
TEXP j 
COMEXP j 
= expenditure elasticity of commodity i by income class j, 
= expected expenditure on commodity i by income class j, 
(expected target retail price times expected consumption), 
= total expected expenditure by income class j, 
= committed expenditures by income class j at expected prices (obtained 
from two-sector HLES), 
= expected target retail prices of commodity i, 
XMi = committed consumption of commodity i by income class j, 
ei = marginal budget share for commodity i by income class j, 
= 1-expected tax rate, 
YM! = endowment of commodity i by income class j. 
Both feed use and intermediate consumption of each commodity are included in the 
demand module. Their values are added to the committed emand coefficient of the 
corresponding product. 
5. VALIDATION 
For validating the model we adopted a hierarchical procedure following the steps 
taken in building the model. The first validation was performed uring construction of 
each subcomponent of a national model. At this stage, such conventional criteria as fit of 
estimated variables, t-values, plausibility of the estimated parameters and tests for 
autocorrelation were used. 
The next validation phase took place when the subcomponents of a national model 
were linked together. Two tests were performed at this stage. We measured the tracking 
ability of the model by calculating Theil's inequality coefficient for those endogenous 
variables which had been exogenous or not generated at all at the former stage (e.g., 
national equilibrium prices, net trade values). However, this could be done only for the 
period for which the model had been estimated. In addition, we calculated summary 
statistics which could be compared with research work done elsewhere. Such statistics 
are price elasticities of supply and of demand and income elasticities of demand. 
However, sometimes we encountered problems with regard to comparability of our 
statistics with those found in the literature, mainly due to differences inthe time periods and 
in the conceptualization of the models used for estimating these elasticities, t Nevertheless, 
these comparisons gave us useful information on the validity of our models with regard 
to price and income sensitivity. At the last stage, the linking of all national models, we 
placed heavy emphasis on world trade and world market prices. 
tFor a discussion of this point, see Shumway and Chang [21]. 
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6. CONCLUSION 
The work  repor ted  on in this paper  has now reached a stage where  we can begin to 
ana lyze  the effects of var ious  po l icy  a l ternat ives.  To repor t  on the results  we have 
obta ined so far wou ld  exceed the space l imitat ions of  this art ic le;  a br ief  d iscuss ion of  
them could poss ib ly  be open to mis interpretat ion.  
We hope that  the results  of  these exerc ises  wil l  g ive some indicat ion of  how to 
improve  the wor ld  food s ituat ion.  The insights thus gained can only be benef ic ia l  in 
pract ice ,  however ,  if they  are taken into account  by  the governments  of  var ious nat ions 
in their  po l icymaldng.  
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